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(g) Pressure relief valve. 

@ A pressure relief valve comprising a valve body (A) 
having inlet and outlet ports (12, 16) and a bonnet (B) having 
a threaded projection (46) which is received in a threaded 
bore (20) in the valve body (A), said bonnet (B) having a 
poppet guide bore (66) extending Into said projection (46) 
from a bonnet end surface (48) on said projection (46), and a 
poppet (H) slidably guided between closed and open posi- 
tions for respectively closing and. opening said inlet port 
(12), having first and second recesses (68, 70) extending in- 
to said projection (46) from said bonnet end surface (48) 
coaxially with said poppet guide bore (66), a seal ring (72) is 
positioned in said first recess (68) in surrounding sealing 
relationship with said poppet (H) and a pushin retainer (74) 
is secured in said second recess (70) for retaining said seal 
ring (72) in said first recess (68). 
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DESCRIPTION 
PRESSURE RELIEF VALVE 

This invention relates to the art of valves and, 
more particularly, to pressure relief valves. Although 
5 the invention will be described with particular reference 
to a pressure relief valve, it will be recognised that 
certain features thereof may be used or adapted to use 
in valves of other types. 

Pressure relief valves of a known type include a 

10 valve body and a valve bonnet assembled together in a 
cooperative relationship. The valve body includes an 
axial inlet port and a lateral outlet port, with an 
enlarged bore providing communication therebetween. A 
poppet is slidably guided in the bonnet for movement 

15 J between open and closed positions for respectively 

opening and closing the inlet port. A seal ring is 
positioned in the bore adjacent the inlet port for 
sealingly surrounding the poppet in its closed position. 
The seal ring is axially compressed by a retainer ring 

20 which is directly engaged by the bonnet itself, and 
extends completely past the outlet port through the 
bore so that lateral openings must be provided in the 
retainer ring to allow flow therethrough from the 
inlet port to the outlet port. Because of the particular 

25 construction involved, the bonnet to valve body seal 
may not be as effective as desired. 

It has, therefore, been considered desirable to 
develop a new and improved pressure relief valve which 
would overcome the foregoing difficulty while providing 

30 better and more advantageous overall results. 

A pressure relief valve of the type described 
includes a retainer ring of very small axial thickness 
and a separate nut threaded into the valve body bore for 
compressively engaging the retainer ring- The ring 
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nut is located entirely on the inlet port side of the 
outlet port so the retainer ring and the ring nut do 
not inhibit lateral flow from the bore through the 
outlet port. The retainer ring and bore have coop- 
5 erating smooth cylindrical locating surfaces to 

provide more accurate concentricity than is possible 
between cooperating threads • The threads in the bore 
between the outlet port and the retaining ring are 
substantially filled by the ring nut so that such 

10 threads will not become fouled or otherwise damaged 
during valve use, and removal of the ring nut for 
changing the seal ring is thus facilitated. The central 
opening through the ring nut is non-circular to receive 
a tool used for nut installation or removal . 

15 The valve bonnet has an exernally threaded 

pro j ection threadably received in the valve body bore . 
The valve body bore has an internal smooth cylindrical 
locating surface adjacent its open end for cooperation 
with an external smooth cylindrical locating surface 

20 of the bonnet. The peak diameter of the threads on 
the bonnet projection is less than the diameter of 
the internal cylindrical locating surface so that the 
two smooth locating surfaces cooperate to provide 
concentricity instead of relying on cooperating threads. 

25 The bonnet has an outwardly extending shoulder engaging 
an end surface on the valve body when the projection is 
fully received in the valve body bore. A chamfer 
extends between the end surface and the internal smooth 
cylindrical locating surface to define a cavity in which 

30 a seal ring is compressed to provide a fluid tight seal 
between the bonnet and the valve body bore. 

The poppet is slidably guided in a poppet guide 
bore in the bonnet projection extending inwardly from 
a bonnet end surface on the end of the projection. 
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First and second concentric recesses extend into the 
projection from the end surface. The first recess 
receives a seal ring which sealingly surrounds the 
poppet and the second recess receives a push-in seal 
retainer. The poppet has a small diameter stem 
extending into a spring receiving bore and a rounded 
end on the stem is received by a conical recess in a 
guide disc engaged by a coil spring on the opposite 
side thereof from the poppet stem for normally biasing 
the poppet to a closed postion. 

The principal focus of the present invention is 
the provision of an improved pressure relief valve. 

One advantage of the invention is the provision 
of such a pressure relief valve with improved seals at 
certain locations therein. 

Another advantage of the invention is the 
provision of a pressure relief valve which does not 
inhibit flow laterally from a valve body bore to an 
outlet port. 

An additional advantage of the invention is the 
provision of an improved relationship between a 
rounded end on a poppet stem and a spring guide disc. 

The invention will now be described further here- 
inafter, by way of example only, with reference to the 
accompanying drawings; in which :- 

Fig. 1 is a cross-sectional elevational view of 
a pressure relief valve constructed in accordance with 
the present invention; and 

Fig. 2 is a view similar to Fig. 1 showing a 
modified form of the upper bonnet portion of the valve 
for allowing manual purging. 

With reference to the drawings r wherein the 
showings are for purposes of illustrating preferred 
embodiments of the invention only and not for purposes 
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of limiting same, Fig. 1 shows a pressure relief valve 
including a valve body A cooperating with a valve 
bonnet B. Valve body A includes an axial inlet port 
12 concentric with an externally threaded boss 14 for 
connection to a fitting. A lateral outlet port 16 is 
axially spaced from inlet port 12 and is concentric 
with an internally threaded boss 18 adapted for 
connection with a suitable fitting. An enlarged bore 
20 in valve body A connects inlet and outlet ports 
12,16. It is to be appreciated that bosses 14,16 may 
take other forms than the specific threaded arrangements 
shown for accommodating various valve installations. 
Such modifications do not, however, depart from the 
overall intent or scope of the invention. 

A small diameter cylindrical recess 22 at the 
bottom of bore 20 has a diameter somewhat larger than 
inlet port 12 and is concentric therewith. Recess 22 
has a smooth cylindrical outer surface closely receiving 
a corresponding smooth external cylindrical surface on 
a laterally projecting portion 24 of an insert C. An 
axially projecting portion 26 of insert C extends in 
a direction away from inlet port 12 and has a radial 
thickness substantially less than the radial thickness 
of laterally projecting portion 24. Thus, the upper 
surface of laterally projecting portion 24, the 
surface of recess 22 and the outer cylindrical surface 
of axial projection 26 cooperate to define a 
circumferential receiving groove in which a seal ring 
defined by O-ring 28 is received. O-ring 28 preferably 
has a diameter somewhat greater than the axial and 
radial dimensions of the groove in which it is received. 
Also, axial projection 26 preferably extends at least 
slightly beyond the centre or midpoint of O-ring 28. 
A central opening 30 extending through insert C is 
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slightly smaller in diameter than inlet port 12. 

Bore 20 has a smooth cylindrical locating 
surface 32 adjacent the bottom end thereof for closely 
receiving a corresponding external smooth cylindrical 
5 surface on a seal ring retainer D. Retainer ring D 
has an inwardly extending projection 36 overlying 
O-ring 28 for compressing same within its receiving 
groove. The space between the opposed edges of insert 
projection 2 6 and retainer ring projeciton 36 is 

10 substantially smaller than the diameter of O-ring 28 
so that the O-ring will not be extruded through such 
space under the influence of fluid pressure acting 
through inlet port 12 around the outer surface of 
insert C. The upper surface of retainer ring 

15 projection 36 is tapered or sloped toward inlet port 
12 for guiding a poppet should it be necessary. 

Valve body bore 20 is threaded as at 38 between 
outlet port 16 and smooth cylindrical locating surface 
32. A ring nut E has external threads cooperatively 

20 engaging bore threads 38 and compressively engages 

retainer ring D. The nut ring acts to bottom out the 
retainer ring against the bottom of bore 20 and to 
axially compress O-ring 28. In turn, axial compression 
of the O-ring results in a lateral or radial bulging 

25 of the ring. The axial thickness of ring nut E is 
such that there are no bore threads 38 exposed to 
fluid so they will not become gummed up or fouled. 
This means that removal of ring nut E is readily 
accomplished for replacement of O-ring 28. Internal 

30 opening 42 through ring nut E is of a non-circular 

configuration and may, for example, be hexagonal for 
purposes of receiving a correspondingly shaped tool 
used to install or remove the ring nut. 
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It will be recognised that both retainer ring D and 
ring nut E are located entirely on the side of outlet 
port 16 extending toward inlet port 12. In other words, 
ring nut E and retainer ring D are located entirely 
between outlet port 16 and inlet port 12. Thus, 
retainer ring D and ring nut E do not inhibit lateral 
flow of fluid from valve body bore 20 to outlet port 16. 

The axial length of bore 20 which is intersected 
by outlet port 16 is smooth and unthreaded. Elimin- 
ation of threads at the area of communication between 
outlet port 16 and bore 20 also eliminates the 
necessity for a costly deburring process during valve 
manufacture. Any burrs at this area could otherwise 
break away during valve use and contaminate the fluid 
system involved. Moreover, this portion of bore 20 
has a sufficiently large diameter for allowing move- 
ment of ring nut E therethrough. 

Bonnet B has an externally threaded axial 
projection 4 6 threadably received in a threaded portion 
of bore 20 and includes a bonnet end surface 48. An 
internal smooth cylindrical locating surface 50 is 
provided in bore 20 adjacent the open outer end thereof 
for close cooperation with an external smooth cylind- 
rical locating surface 52 on bonnet B adjacent a shoulder 
54 on a bonnet external projection 56. Projection 56 
desirably has a hexagonal or other polygonal external 
shape. When projection 46 is fully received in bore 
20, shoulder 54 engages end surface 58 adjacent the 
open end of bore 20. A generally conical chamfer 60 
is provided at the open end of bore 20 extending 
between valve body end surface 58 and internal cylind- 
rical locating surface 50 to define a seal receiving 
cavity. The cavity has a generally triangular cross- 
section as shown in Fig. 1 and is defined by a portion 
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of bonnet shoulder 54/ a portion of external cylindrical 
locating surface 52 on bonnet B and by the surface of 
chamfer 60. A seal ring in the form of an O-ring 62 
is received and compressed in the cavity for providing 
a fluid tight seal between bonnet B and valve body 
bore 20. 

The externally threaded portion of bonnet projec- 
tion 46 has a thread peak diameter less than the diameter 
of internal smooth cylindrical locating surface 50. 
Also, the peak diameter of the external threads on ring 
nut E is less than the peak diameter of the internal 
threads in bore 20 which receive projection 46. The 
external diameter of r'etainer ring D is such that it 
will readily move past the bore threads receiving 
ring nut E. 

A poppet guide bore 66 extends centrally into 
bonnet projection 46 from bonnet end surface 48 for 
receiving and slidably guiding an elongated poppet H. 
Cylindrical first and second recesses 68 f 70 extend 
into projection 46 from bonnet end surface 48 concentric 
with poppet guide bore 66. A seal ring defined by 
quad ring 72 is positioned in first recess 68 in 
surrounding sealing relationship with poppet H. In 
those cases where a high degree of poppet sensitivity 
is necessary and/or desired, quad ring 72 may be 
advantageously coated with polytetraf luoroethylene or 
other suitable lubricant for reducing drag on poppet 
H. In like manner, the poppet itself may also be 
coated with a suitable lubricant to enhance . drag 
reduction. A push-in retainer 74 is secured within 
second recess 70. The axial extent of second recess 
70 is substantially less than the axial extent of first 
recess 68. 

Push-in retainer 74 is of the type having a 
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plurality of circumf erentially-spaced teeth on the 
outer periphery thereof. The teeth are initially 
inclined relative to the longitudinal axis of the 
retainer in the general manner of a toothed lock washer 
or the like f so the external diameter of the retainer 
creates an interference fit when received within second 
recess 70. Retainer 74 is a press fit in second recess 
70 by an axial force. When the retainer 74 is bottomed 
out in second recess 70, the teeth are bent in such a 
manner that they bite into the preipheral wall of the 
second recess for securing the retainer therein. The 
thickness and strength of retainer 74 are such that 
it can be readily removed from recess 70 as necessary 
for changing quad ring 72. The central opening through 
seal retainer 74 is larger than poppet H, but 
substantially smaller than the median diameter of seal 
ring 72 in order that the seal ring will be effectively 
retained within first recess- 68. 

Poppet H has a flat bottom end 78 which engages 
insert axial projection 26. Poppet H moves axially 
between closed and open positions for closing and 
opening, respectively, inlet port 12. In the closed 
position of poppet H, O-ring 28 makes surrounding 
sealing engagement therewith through the space between 
insert axial projection 26 and retainer ring lateral 
projection 36. It should be noted, however, that 
poppet bottom end 78 engages O-ring 28 at substantially 
the corner area between the bottom end and the 
peripheral side wall. This relationship provides a 
number of advantageous results which enhance the 
benefits received from the subject new valve. For 
example, it prevents any undesired sticking action 
between the poppet and O-ring 28 which could otherwise 
cause variations in the force required to effect poppet 
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cracking, improves valve opening pressure sensitivity, 
and provides better repeatability on opening. Moreover, 
because the inside diameter of O-ring 28 is dimensionally 
close to. the outside diameter of the poppet, the valve 
5 re-seal pressure will be fairly close to the cracking 
pressure. To maintain the requisite spatiial relation- 
ship between poppet lower end 78 and O-ring 28, insert 
C, and particularly axial projection 26 thereof, is 
dimensioned to provide a positive stop for the poppet 

10 in the desired poppet closed poation as noted above. 

Bonnet B has a cylindrical spring receiving bore 
80 on the opposite side of a dividing wall 82 from 
poppet guide bore 66. A small diameter poppet stem 
84 extends closely through a hole 86 in dividing wall 

15 82 into spring receiving bore 80. Stem 84 includes a 
rounded end 88 received by a central conical recess 
90 in one face of a substantially flat, circular guide 
disc 94. Guide disc 94 includes another central conical 
recess 9 6 in the opposite face thereof for allowing 
.20 assembly of such disc in either of two inverted 

positions while insuring reception of rounded stem 88 
in a conical recess. Using a rounded stem end and a 
recess not correspondingly shaped has been found to 
give better guiding action to prevent cocking of the 

25 guide disc within bore 80. Further, the tapered 

interface between poppet stem 84 and the main poppet tody 
cooperates with the tapered interface between opening 
86 and bore 66 to provide a positive stop for the 
poppet in the poppet fully opened position. 

30 A coil spring 102 received in poppet spring 

receiving borfe 80 defines a biasing means for normally 
biasing poppet H to its closed poation . Coil spring 
102 is compressed between guide disc 94 and an internally 
threaded cap 104 threaded onto externally threaded 
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bonnet B. Axial adjustment of cap 104 varies the 
cracking pressure of poppet H. A lock nut 106 
externally threaded on bonnet B engages cap 104 to 
advantageously lock the cap in its axially adjusted 
position. 

In the arrangement shown in Fig . 1 , valve body 
A includes a thin web 112 having a small hole 114 
penetrating therethrough. In like manner , cap 104 has 
a small hole 116 extending through a portion thereof. 
A suitable wire may be passed through holes 114,116 
and sealed under tension for protecting against 
unauthorised adjustment of cap 104. Such action thus 
prevents unauthorised variation in the valve cracking 
pressure. 

In operation of the valve, and when the fluid 
pressure acting against bottom end 78 of poppet H is 
greater than the biasing force of spring 102, poppet 
H will move upwardly in Fig. 1 away from its seated 
position on insert axial projection 26. This will 
allow fluid flow from inlet port 12 through bore 20 
to outlet port 16. When the fluid pressure acting 
on poppet H is less than the biasing force of spring 
102, the poppet will return to its closed position. 
The subject new valve construction assures that fluid 
flow from inlet port 12 to outlet port 16 through 
bore 20 is not inhibited laterally by either retainer 
ring D or ring nut E. As will be seen in Fig. 1, the 
body of poppet H disposed between seal rings 28,72 
has a constant diameter over the length thereof. This 
relationship advantageously prevents any back pressures 
entering the relief valve from outlet port 16 from 
altering the poppet cracking pressure required at 
inlet port 12. 

In the arrangement shown and described, full 
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fluid pressure acts against the entire end face 78 of 
poppet H. In addition, fluid pressure acts between 
poppet end face 78 and the end of insert axial projection 
26 against O-ring 28 while fluid pressure also acts 
around the outside periphery of insert C on O-ring 28. 
This latter fluid pressure action urges O-ring 28 
toward engagement with the poppet to insure a more 
positive sealing relationship therebetween. The general 
balancing of pressure forces on O-ring 28 minimizes 
the possibility that it will be extruded through the 
space between insert C and retainer D. 

In the arrangement of Fig. 1, a central opening 
120 through cap 104 simply provides an atmospheric 
relief vent. In the arrangement of Fig. 2, an 
elongated rod 122 slidably extends through cap hole 
120 and is carried by or integral with guide disc 9 4 
on the face thereof opposite from poppet stem 84. An 
enlarged knob 124 secured to the outer end of rod 122 
allows rod 122 and guide disc 94 to be manually moved 
away from poppet stem 84 so that purging of a system 
can be carried out at any time desired. Moreover, it is 
possible to provide various alternative means (not shown) 
for locking rod 122 in a position whereby no biasing 
force will be exerted on the poppet for biasing it 
toward the closed position. 

It will be recognised that it is also possible 
to enlarge poppet H within ring nut E in a location 
spaced from poppet end surface 78 to provide a larger 
surface area against which fluid pressure may act once 
the poppet opens slightly. Thus, once the poppet 
cracks open, there would be more rapid action of the 
poppet to its full open position due to the larger 
area acted upon by fluid pressure. Such a conformation, 

for example, may comprise an increase in the diameter 
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of poppet H at a location axially spaced therealong a 
short distance from bottom end 78 generally at the area 
surrounded by ring E in the poppet closed position* 

Also, in the embodiment of Fig, 1, it will be 
5 recognised that it is possible to place a protective 
cover over cap 104, locknut 106 and bonnet projection 
56 to prevent unauthorised tampering with cap 104 and 
locknut 106. Such a protective cover may have a suit- 
able small hole therethrough for wiring and sealing with 
10 valve body A in the manner described with respect to 
holes 114 r 116 in valve body A and cap 104, 

Althogh the invention has been shown and 
described with reference to preferred embodiments/ it 
is obvious that alterations and modifications will 
-15 occur to others upon a reading and understanding of 
this specification. The invention includes all such 
alterations and modifications insofar as they come 
within the scope of the claims of the equivalents 
thereof . 
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1. A pressure relief valve comprising a valve body 
(A) having inlet and, outlet ports (12, 16) and a 
bonnet (B) having a threaded projection (46) which 
5 is received in a threaded bore (20) in the valve body 
(A), said bonnet (B) having a poppet guide bore (66) 
extending into said projection (46) from a bonnet 
end surface (48) on said projection (46), and a 
poppet (H) slidably guided between closed and open 

10 positions for respectively closing and opening said 
inlet port (12), characterised in that first and 
second recesses (68, 70) extend into said projection 
(46) from said bonnet end surface (48) coaxially with 
said poppet guide bore (66), a seal ring (72) is 

15 positioned in said first recess (68) in surrounding 
. sealing relationship with said poppet (H) and a push- 
in retainer (74) is secured in said second recess 
(70) for retaining said seal ring (72) in said first 
recess ( 68 ) . 

20 2, A valve as claimed in claim 1, in which the 

axial length of said second recess (70) is substantially 
less than the axial length of said first recess (68). 

3. A valve as claimed in claim 1 or 2 , in which 
the bonnet (B) has a spring-receiving bore (80) on 

25 the opposite side of a dividing wall (82) from said 

poppet guide bore (66), said poppet ( H ) having a small 
diameter stem (84) extending closely through an 
opening (86) in said dividing wall (82) into said 
spring receiving bore (80) and having a rounded end 

30 (88), a guide disc (94) in said spring-receiving 

bore (80), said rounded end (88) of said stem being 
received in a conical recess (90) in one face of said 
guide disc, and a coil spring (102) compressed between 
said disc (94) and an end cap (104) attached to said 

35 bonnet (B) . 
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4. A valve as claimed in claim 3, in which each 
of the opposite faces of said disc (94) has a 
conical recess (90, 96) therein. 

5. A valve as claimed in any of claims 1 to 4 , 
5 wherein said poppet (H) is slidably guided in said 

bonnet (B) , and wherein said bore (20) in the valve 
body (A) has a larger diameter on the opposite side 
of said outlet port (16) from said inlet port (12) 
than on the inlet port side of said outlet port (16), 
10 and is unthreaded along the length thereof intersected 
by said outlet port (16). 

6. A valve as claimed in claim 5, in which said 
bore (20) of said valve body (A) has an open end for 
receiving a bonnet projection (46), said bonnet (B) 

15 having an outwardly extending shoulder (54) for 

cooperatively engaging an end surface (58) of the 
valve body (A) when said projection (46) is fully 
received in said bore (20), said bonnet (46) having 
a smooth external cylindrical locating surface (52) 

20 adjacent said shoulder (54) for close reception in a 
corresponding smooth internal cylindrical locating 
surface (50) adjacent said surface (58) of said valve 
body (A) , said bore (20) and said bonnet projection 
(46) being cooperatively threaded beyond said locating 

25 surfaces (50, 52), and the peak diameter of the threads 
on said bonnet projection (46) being smaller than the 
diameter of said internal cylindrical locating surface (50). 

7. A valve as claimed in claim 6, in which a 
chamfer ('60 ) between said end surface (58) and said 

30 internal cylindrical locating surface (50) defines a 
cavity in which a seal ring (62) is positioned and 
compressed. 

8. A pressure relief valve comprising a valve body 
(A) having inlet and outlet ports (12, 16), a bonnet 

35 (B) assembled to said valve body (A) and slidably 
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guiding a poppet (H) between closed and open 
positions for respectively closing and opening said 
inlet port (12), said body having a bore (20) with an 
open end and receiving a projection (46) on said 
5 bonnet (B) , said bore (20) having a smooth internal 

cylindrical locating surface (50) adjacent said open end 
and closely receiving a smooth external cylindrical 
locating surface (52) on said bonnet (B) adjacent 
said shoulder (54), said projection (46) and bore (20) 

10 being cooperatively threaded beyond said locating 

surfaces (50, 52), characterised in that said bonnet 
(B) has an outwardly extending shoulder (54) cooperatively 
engaging an end surface (58) on said valve body (A) 
when said projection (46) is fully received in said 

15 bore (20), and the peak diameter of the threads on 

said projection (46) is less than the diameter of said 
internal cylindrical locating surface (50), and in 
that a chamfer (60) extends between said end surface 
(58) and said internal cylindrical locating surface 

20 (50) and defines a cavity in which a seal ring (62) 
is compressed. 

9. A valve as claimed in claim 8, in which said 
bonnet (B) has a bonnet end surface (48) on said 
projection (46), a poppet guide bore (66) extending 

25 into said projection (46) from said bonnet end surface 
(48), first and second recesses (68, 70) extending 
into said projection (46) from said bonnet end surface 
(48) coaxially with said poppet guide bore (66), a seal 
ring (72) positioned in said first recess (68) around 

30 said poppet (H), and a push-in retainer (74) secured in 
said second recess (70) for retaining said seal ring (72) 
in said first recess (68). 
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